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Abstract

Purpose—Renal cell carcinoma is refractory to conventional radiation therapy but responds to 

higher doses per fraction. However, the dosimetric data and clinical factors affecting local control 

(LC) are largely unknown. We aimed to evaluate the safety and efficacy of stereotactic ablative 

radiation therapy (SAbR) for extracranial renal cell carcinoma metastases.

Methods and Materials—We reviewed 175 metastatic lesions from 84 patients treated with 

SAbR between 2005 and 2015. LC and toxicity after SAbR were assessed with Response 

Evaluation Criteria in Solid Tumors (RECIST) version 1.1 and Common Terminology Criteria for 

Adverse Events (CTCAE) version 4.0. Predictors of local failure were analyzed with χ2, Kaplan-

Meier, and log-rank tests.

Results—In most cases (74%), SAbR was delivered with total doses of 40 to 60 Gy, 30 to 54 Gy, 

and 20 to 40 Gy in 5 fractions, 3 fractions, and a single fraction, respectively. The median 

biologically effective dose (BED) using the universal survival model was 134.5 Gy. The 1-year LC 

rate after SAbR was 91.2% (95% confidence interval, 84.9%–95.0%; median follow-up, 16.7 

Reprint requests to: Raquibul Hannan, MD, PhD, Department of Radiation Oncology, University of Texas Southwestern Medical 
Center, 5801 Forest Park Rd, Dallas, TX 75390. Tel: (214) 645-8525; Raquibul.Hannan@UTSouthwestern.edu. 

Conflict of interest: none.

Supplementary material for this article can be found at www.redjournal.org.

HHS Public Access
Author manuscript
Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2017 August 14.

Published in final edited form as:
Int J Radiat Oncol Biol Phys. 2017 May 01; 98(1): 91–100. doi:10.1016/j.ijrobp.2017.01.032.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.redjournal.org


months). Local failures were associated with prior radiation therapy (hazard ratio [HR], 10.49; P<.

0001), palliative-intent radiation therapy (HR, 4.63; P=.0189), spinal location (HR, 5.36; P=.

0041), previous systemic therapy status (0–1 vs >1; HR, 3.52; P=.0217), and BED <115 Gy (HR, 

3.45; P=.0254). Dose received by 99% of the target volume was the strongest dosimetric predictor 

for LC. Upon multivariate analysis, dose received by 99% of the target volume greater than BED 

of 98.7 Gy and systemic therapy status remained significant (HR, 0.12 and 3.64, with P=.0014 and 

P=.0472, respectively). Acute and late grade 3 toxicities attributed to SAbR were observed in 3 

patients (1.7%) and 5 patients (2.9%), respectively.

Conclusions—SAbR demonstrated excellent LC of metastatic renal cell carcinoma with a 

favorable safety profile when an adequate dose and coverage were applied. Multimodality 

treatment with surgery should be considered for reirradiation or vertebral metastasis. A higher 

radiation dose may be required in patients who received previous systemic therapies.

Introduction

The standard of care for metastatic renal cell carcinoma (mRCC) is systemic therapy, 

whereas local treatment still remains controversial. A surgical series suggested that selected 

patients receiving curative-intent metastasectomy survived with a longer disease-free 

interval compared with patients who had not received it (1). Another series showed 

improved survival after resections of multiple limited metastases (2). The Mayo Clinic 

reviewed 887 mRCC patients and found improved cancer-specific survival with complete 

metastasectomy compared with less aggressive surgery, especially for pulmonary metastases 

(3). These findings suggested that selected patients with oligometastatic mRCC disease (4) 

can survive longer with improved quality of life when treated with complete metastasectomy 

(5).

Radiation therapy has historically been used for palliative purposes, and its practice in renal 

cell carcinoma (RCC) has been limited by perceived (radioresistance) to conventional 

fractionation (6). Radioresistance may be overcome with dose escalation, particularly by 

increasing the dose per fraction (7), as suggested by studies in preclinical models of human 

RCC xenografts (8). Stereotactic ablative radiation therapy (SAbR), or stereotactic body 

radiation therapy, has shown encouraging efficacy in mRCC (9, 10). SAbR relies on 

sophisticated image guidance and immobilization devices to deliver highly conformal 

ablative radiation doses to the tumor while sparing surrounding organs. However, factors 

associated with failure in mRCC are poorly understood. We report the safety and efficacy of 

SAbR and highlight its limitations for extracranial mRCC.

Methods and Materials

Patients

We retrospectively reviewed patients with extracranial mRCC treated with SAbR between 

2005 and 2015 at our institution with >2 months’ follow-up (to obtain a scan to assess 

efficacy). Conventional fractionated radiation therapy and intracranial lesions were 

excluded. Pathologic confirmation was required to establish metastases. Patients treated with 

SAbR were divided into 2 radiation therapy intent categories: “curative,” in which all 
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progressing lesions were treated, and “palliative,” in which only limited symptomatic 

disease was treated.

Treatment

Computed tomography (CT) simulation was conducted after patients were immobilized in a 

body frame and vacuum body bag for radiation therapy planning. Images were acquired with 

4-dimensional CT if internal motion was suspected; abdominal compression was applied 

when appropriate. Gross tumors were identified by CT or magnetic resonance imaging and 

co-registered with a treatment planning scan. A 5-mm margin for the planning target volume 

(PTV) was typically applied to gross disease or internal target volume. Stereotactic planning 

was set to a single isocenter by use of multiple beams or a volumetric arc with multileaf 

collimators to provide adequate conformality and at least 95% PTV coverage. SAbR (8–60 

Gy) was delivered in 1 to 5 fractions (Table E1, available online at www.redjournal.org) with 

cone beam CT guidance and with at least 36-hour intervals between fractions. The treating 

radiation oncologist selected the radiation therapy regimen, including dose, number of 

fractions, and interval between irradiations, using patient-specific characteristics and tumor-

specific factors, as well as our institutional planning constraints (Table E2, available online 

at www.redjournal.org). The biologically effective dose (BED) was calculated by use of the 

A498 human RCC cell line parameters (a/b ratio, 2.63; final slope of the survival curve in 

Gy, 1.04; x-intercept of survival curve on multitarget model in Gy, 3.00; and transition dose 

at which linear quadratic model transitioned to multitarget model in Gy, 7.12) (11) applied to 

the universal survival model (12).

Outcome measures

Local control (LC) of each lesion was assessed according to Response Evaluation Criteria in 

Solid Tumors (RECIST) version 1.1. Prognostic grouping was determined according to the 

International Metastatic Renal Cell Carcinoma Database Consortium model (13, 14). 

Toxicity was evaluated with Common Terminology Criteria for Adverse Events (CTCAE) 

version 4.0.

Statistical analysis

Categorical variables, including prognostic criteria, were analyzed by the χ2 contingency 

test. Continuous variables, such as age and BED, were compared by the t test. The Kaplan-

Meier method was used to estimate LC. Log-rank tests were used to evaluate differences in 

LC by categorical parameters. Univariate analysis for each dosimetric factor as a continuous 

variable was also performed separately to ensure validity of the interpretation (Table E3, 

available online at www.redjournal.org). Optimal threshold cutoffs for continuous dosimetric 

parameters were determined by examining the deciles for the best model fit according to the 

score χ2 statistics. After univariate analysis of clinical factors, the Cox proportional hazards 

model was applied for multivariate analysis using all significant covariables to calculate the 

adjusted hazard ratios (HRs) and their 95% confidence intervals (CIs) as independent 

predictors of survival. All analyses were completed at a .05 two-sided significance level 

using SAS software (version 9.4; SAS Institute).
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Results

Tumor characteristics and radiation therapy regimens

Lesions (N=175) were identified from 84 patients treated over 124 SAbR sessions (Table 1). 

Most patients (72.6%) had localized disease at initial presentation but later had metastases 

develop. Most lesions (90%) were detected in patients with favorable or intermediate 

International Metastatic Renal Cell Carcinoma Database Consortium prognosis groups at the 

time of diagnosis with metastatic disease. The median dose per fraction was 11 Gy, and the 

median fraction number was 3. The median target volume was 26.55 cm3 (range, 0.19–557 

cm3). The median volume covered by the prescription dose was 95% of target volume (67.6–

100). The median BED was 134.54 Gy, corresponding to 24 Gy ×1 fraction, 10 Gy ×3 

fractions, or 7.2 Gy ×5 fractions. Lesions receiving curative-intent irradiation had a higher 

median dose than lesions treated with palliative intent (108.95 Gy vs 160.12 Gy, P<.0001). 

Curative-intent irradiation was also more commonly administered to patients with ≤3 lesions 

at the time of SAbR (86.0% vs 58.5%, P=.005). Curative-intent irradiation was more 

commonly delivered in older patients (median, 66.6 years vs 60.0 years), patients with a 

better performance status (Karnofsky Performance Status ≥80), patients with localized 

disease at initial diagnosis, and patients with time from diagnosis to SAbR >1 year (Table 1). 

Lesions with a higher grade at initial presentation, poor prognostic grouping, more advanced 

systemic treatment, and a spinal location were more likely to be treated with palliative-intent 

radiation therapy (Table 1). Tumor size did not differ between curative- and palliative-intent 

SAbR.

LC and dosimetric analysis

The median follow-up period after treatment based on available imaging studies was 10.5 

months for lesions and 16.7 months for individual patients. The 1-year LC rate was 91.2% 

(95% CI, 84.9%–95.0%). The local failure (LF) rate was conservatively overestimated 

without accounting for competing-risk analysis. We maintained excellent follow-up in >90% 

of treated lesions and tracked LC independently of competing events at other sites. LF 

occurred in 15 lesions (8.6%), with a median time to failure of 7.1 months after SAbR. Upon 

univariate analysis, LFs were associated with the lesions that had prior irradiation (HR, 

10.49; P=.0001), were treated with palliative-intent radiation therapy (HR, 4.63; P=.0189), 

had a spinal location (HR, 5.36; P=.0041), and received >2 lines of systemic therapy prior to 

irradiation (HR, 3.52; P=.0217) (Fig. 1). Dosimetric data for individual lesions were 

analyzed for their effect on LC. The median and range of prescription dose, maximum dose 

to 1% of the target volume, minimum dose to 99% of the target volume (D99), minimum 

dose to 95% of the target volume (D95), and minimum dose to 90% of the target volume 

were converted to BED values and are reported in Table 2. Dose per fraction, prescription 

dose, D99, D95, minimum dose to 90% of the target volume, and maximum dose to 1% of 

the target volume were all significantly associated with LC upon univariate analysis (Fig. 2). 

The number of fractions did not affect LC (P=.1276). Each of these parameters was further 

analyzed to identify threshold doses predicting LF (Table 2). The controlled lesions 

exhibited a significantly higher BED than the lesions that failed (median BED, 134.5 Gy vs 

98.4 Gy; P=.0012). Because all dosimetric measures were highly correlated with each other 

and each dosimetric measurement could also be related to the dose per fraction at any given 
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fraction, only D99 (which had the strongest univariate association with LC) and clinical 

factors were entered into the multivariate model. Upon multivariate analysis, D99 >98.69 Gy 

and use of >1 systemic therapy were independent predictors of LC (Table 2). Of 8 

reirradiated lesions, 4 showed LF. The BED to lesions with prior irradiation was 

significantly lower than the BED to lesions without it (median BED, 50.4 Gy vs 134.5 Gy; 

P<.0001). The difference in fractionation was not associated with LF (1-year LC rate, 96.7% 

[95% CI, 87.0%–99.1%] and 87.7% [95% CI, 78.2%–93.3%] for single fraction and 

multifraction, respectively; P=.1070). Among the lesions that failed, 3 were treated with 1 

fraction, 1 with 3 fractions, 1 with 4 fractions, and the remaining with 5 fractions. Of 15 

lesions, 11 were identified in osseous sites, mostly involving the spine (8 lesions). The 1-

year LC rates were 85.5% (95% CI, 67.9%–93.8%) and 92.9% (95% CI, 85.6%–96.6%) for 

spinal and nonspinal metastasis, respectively (P=.0017). Of 15 patients with LF, 13 also 

showed systemic progression.

Toxicity

Most lesions (98.9%) were assessed for toxicity, with a median follow-up time of 16.4 

months. Eighteen treatments (10.4%) of grades between 1 and 2 (15 of 18) were associated 

with acute toxicity within 3 months. Of the 3 patients with acute grade 3 toxicity, 1 was 

admitted to the hospital for a urinary tract infection caused by Pseudomonas aeruginosa after 

treatment of a kidney lesion, while 2 had progressive pain requiring inpatient pain control 

after treatment of spinal lesions (L2 and T11, respectively). It is unclear whether these acute 

grade 3 toxicities were related to SAbR. Late toxicities were uncommon (4.5% for all grades 

and 1.9% for grade 3 or higher at 1 year), with a median time to toxicity development of 5.2 

months (range, 2.1–25.1 months); of these, 8 were grade 1 or 2 and 5 were grade 3. Grade 3 

late toxicities included 2 cases of gastrointestinal bleeding requiring surgical intervention 

and transfusion upon resuming targeted therapies, 2 compression fractures requiring 

kyphoplasty, and 1 persistent debilitating radiculopathy (Table E4, available online at 

www.redjournal.org).

Discussion

We conducted a detailed analysis of our institutional SAbR experience for extracranial 

mRCC and showed satisfactory LC rates, confirming SAbR’s safety and efficacy as a local 

therapy. More than half of the analyzed lesions were located in regions with significant 

internal motion (eg, chest, abdomen, or kidney). Despite the internal motion, adequate LC 

was achieved, indicating that modern radiation therapy techniques can accurately treat 

moving targets. A recent experience from the University of Colorado showed that SAbR 

leads to better radiologic and symptomatic LC compared with conventional fractionation (9). 

In a series of 105 mRCC lesions, Memorial Sloan Kettering Cancer Center reported a 3-year 

LF-free survival rate of 88% in patients who had received 24 Gy ×1 fraction but only 17% to 

21% for hypofractionated SAbR, despite a lower BED in the hypofractionated arm (10).

In our series, the most important factor predicting LC was D99 BED. This suggests that LC 

of mRCC by SAbR can be achieved by an adequate radiation dose and tumor coverage. A 

lower BED was associated with reirradiation, palliative-intent radiation therapy, and a spinal 
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location, which led to the compromised SAbR efficacy observed in those cohorts. Of the 175 

lesions, 15 failed locally following SAbR (Table 3). The median prescription BED for the 

controlled lesions was significantly higher than that for the lesions that failed. Eight failed 

lesions had received inadequate palliative doses (4–6 Gy ×5 fractions and 8 Gy ×1 fraction). 

A lung lesion that progressed after receiving 10 Gy ×3 fractions was >10 cm in diameter. 

Tumor size is a known predictor of LF following SAbR (15); larger tumors are generally 

more difficult to control by radiation therapy because of the presence of more radioresistant 

hypoxic cells and smaller fractions of proliferating cells (16), suggesting that a higher 

radiation dose may be needed (17). The optimal threshold cutoff from dosimetric analysis 

indicated D99 BED >98.69 Gy, which is equivalent to 18 Gy ×1 fraction, 8 Gy ×3 fractions, 

and 6 Gy ×5 fractions. Although this dose is likely an underestimate because of the short 

follow-up, D99 requires nearly complete tumor coverage, making it a challenging dosimetric 

constraint to achieve in clinical practice. We performed a correlation analysis showing that 

there was a strong association between D99 and D95 (R2=0.90 with P<.0001 by analysis of 

variance; Fig. E1, available online at www.redjournal.org). In our study, the median BED 

that was prescribed for lesions without LF was 134 Gy, which lies within the 95% CI when 

correlated to D99 (Fig. E1, available online at www.redjournal.org). Therefore, we 

recommend at least 24 Gy ×1 fraction, 12 Gy ×3 fractions, or 8 Gy ×5 fractions with 

adequate (>95%) target coverage while trying to achieve at least D99 BED >100 Gy to 

provide sufficient LC for most mRCC lesions. These regimens are supported by other series 

(10, 18, 19). We have often found it easier to achieve this dose distribution using an 

integrated boost technique with a higher dose prescription to the gross tumor volume (BED 

>134 Gy with 95% coverage) compared with the clinical target volume or PTV (BED >100 

Gy with 99% coverage). An interesting finding of this study was that patients who received 

>1 line of systemic therapy exhibited a higher risk of LF that was independent of the D99 

BED cutoff of 98.69 Gy upon multivariate analysis (Table 2). This suggests a selection of 

more therapy-resistant disease in patients in whom previous systemic therapy failed and who 

may require a higher dose to reach adequate LC.

Dosimetric evaluations of the radiation planning were performed on all lesions that had 

failed locally, showing an inadequate dose for reirradiated sites (median BED of 50.4 Gy) 

and insufficient PTV coverage for several spinal lesions (Table 3); these factors likely 

contributed to the failures in these settings. However, LF may be detrimental for lesions 

located in critical locations, such as the spine. A series from MD Anderson using SAbR to 

treat 40 spinal lesions in 37 RCC patients showed an increased risk of death in patients with 

LF, even after correction for other competing factors including performance status, 

neurologic deficits, and systemic disease status (20). Therefore, the risks of LF will have to 

be carefully balanced with the risks of overdosing the spinal cord. The Princess Margaret 

Cancer Centre reported a comparable 1-year LC rate of 83% in 71 spinal lesions in 37 

patients after SAbR, with significant portions of reirradiation (15%) and postoperative 

treatment (14%) (21). Although most patients were treated with 18 to 24 Gy ×1 fraction, 

those treated with hypofractionation received lower doses (8–9 Gy ×3 fractions and 6–7 Gy 

×5 fractions) that may have contributed to poor LC. Although recurring spinal tumors have 

been treated with aggressive SAbR regimens with acceptable LC (22), these 2 settings of 

reirradiation and spinal location require a more aggressive treatment regimen in the form of 
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a higher BED, surgical intervention, or radiosensitization. Surgical intervention should be 

considered over SAbR whenever target underdosing arises as a possibility given the 

proximity of the lesion to critical radiosensitive organs such as the spinal cord. 

Multimodality evaluations including surgery, radiation therapy, prophylactic vertebroplasty, 

and other local therapies are required to select the optimal approach for these patients.

In our series, late toxicities were low and <3% were high grade. Gastrointestinal bleeding 

developed in 2 of the patients, requiring surgical intervention, while another presented with 

persistent debilitating radiculopathy after resuming systemic therapy. A careful review of the 

treatment plan according to our institutional normal tissue constraints (Table E2, available 

online at www.redjournal.org) was performed. Dosimetric data for patients having grade 3 or 

higher late toxicities are included in Table E4 (available online at www.redjournal.org). A 

patient with a tumor involving the L2-L3 foramina received an excessive dose to the nerve 

root and had late grade 3 radiculopathy. A second patient, with a vertebral compression 

fracture, had a tumor involving >40% of the vertebral body, which is a known risk factor for 

compression fracture after SAbR (23). Another patient, with mild vertebral body height loss 

of the treated site, received vertebroplasty to multiple levels at the time of systemic disease 

progression. Two patients who were undergoing vascular endothelial growth factor/tyrosine 

kinase inhibitor targeted therapy had grade 3 gastrointestinal bleeding, in which the maximal 

point dose to the stomach exceeded the planning constraints. Although it was unclear 

whether the location of the bleed correlated to the region receiving the maximum point dose 

in these patients, vascular endothelial growth factor targeted therapy, such as axitinib, has 

been shown to sensitize the radiation effect to high single-dose radiation therapy, likely via 

endothelial apoptosis (24). As targeted therapy becomes more common in the management 

of mRCC, and particularly when considering SAbR for oligo-progressive lesions, the 

interaction of SAbR with targeted therapy should be taken into account. If this type of 

interaction is suspected, systemic therapy can be withheld for a few days before and after 

SAbR (depending on the clearance of the drug), or SAbR can be delivered during the 

scheduled breaks in systemic therapy (eg, sunitinib). More safety data on the combination 

are clearly required.

Limitations of this study include its retrospective nature and the relatively short follow-up. 

The retrospective nature likely led to a selection bias wherein patients with unfavorable 

metastatic locations (ie, near the bowel or spinal cord) were less likely selected for SAbR. 

Short follow-up periods typically overestimate the LC and underestimate toxicity. With the 

approval of more effective systemic therapies (eg, immunotherapy) leading to improved 

survival of mRCC patients, long-term toxicity and SAbR LC will have to be evaluated, and 

the dose adequacy of the recommended SAbR regimens will need to be reassessed.

Conclusions

SAbR exerts favorable LC with minimum acute and late complications and should be 

considered a treatment modality in selected RCC patients with limited metastases. No 

failures were observed when SAbR regimens of 24 Gy in 1 fraction, 12 Gy in 3 fractions, or 

8 Gy in 5 fractions were used with ≥95% PTV coverage. These regimens may have been 

underestimated, as longer follow-up periods may result in additional failures. Lesions in 
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patients in whom systemic therapy failed may require a higher dose. The most critical 

factors affecting LC of mRCC after SAbR are adequate radiation dose and appropriate target 

coverage. Spinal lesions or lesions that had received prior irradiation, in which the proximity 

to critical organs may compromise adequate radiation delivery, require multimodality 

management in which surgery may be preferred over SAbR.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

Stereotactic ablative radiation therapy demonstrated excellent local control with a 

favorable toxicity profile for metastatic renal cell carcinoma when an adequate dose and 

coverage were applied. Radiation dose received by 99% of the target volume greater than 

98.7 Gy was the strongest dosimetric predictor for local control. Multiple systemic 

therapy status was independently associated with a higher local failure rate, suggesting 

the need for a higher radiation dose. Challenges exist for reirradiation and spinal lesions 

for which surgery may be preferred.
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Fig. 1. 
Local control of stereotactic ablative radiation therapy (SAbR) separated by radiation 

therapy intent, lines of systemic therapy, prior radiation therapy status, and location. (A) The 

1-year local control rates were 95.2% and 87.7% for curative-intent (eg, all lesions treated) 

and palliative-intent radiation therapy, respectively (P=.0103). (B) The 1-year local control 

rates were 96.2% and 78.8% for 0 to 1 line of systemic therapy and >2 lines of systemic 

therapy, respectively (P=.0146). (C) The 1-year local control rates were 93.8% and 50.0% 

for no prior radiation therapy (XRT) and reirradiation (Re-XRT), respectively (P<.0001). (D) 

The 1-year local control rates were 85.5% and 94.5% for spinal and non-spinal sites, 

respectively (P=.0013).
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Fig. 2. 
Dosimetric analysis for local control. Abbreviations: BED=biologically equivalent dose; 

D1=maximum dose to 1% of target volume; D90 = minimum dose to 90% of target volume; 

D95 = minimum dose to 95% of target volume; D99 = minimum dose to 99% of target 

volume; Dscript = prescription dose.
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